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Life Support

Gravity
Venus Gravity: 8.87 m/s²
Earth Gravity: 9.8 m/s²

Venus and Earth have almost the same mass
so their gravitational strength is pretty
similar.

http://www.ajax.ehu.es/VEX/Venus.Earth/Venus.Earth.html

We would not need to have any artificial
gravity since the difference is so small. The
only difference is that a person might be able
to jump a little higher on Venus than they
could on Earth.
https://www.eurekalert.org/multimedia/532388

Atmosphere Outside
Venus atmosphere is mostly Carbon
Dioxide (CO2), clouds are composed of
Sulfuric Acid. This Sulfuric Acid can be split
apart using electrolysis to get Hydrogen,
Oxygen, and Sulfur. The Hydrogen and the
Oxygen can be combined to create Water
to use, and the Sulfur can be used in Sulfur
based Fertilizers.

http://www.sci-news.com/space/venus-atmosphere-nitrogen-08352.html

Atmosphere Inside
The temperature can be set at 72°F (same
temperature as the ISS). Astronauts will be
allowed to change the temperature between 6580°F, but this action must be voted on by the
people. Humidity levels must also be maintained
at 60% RH. This makes sure that there will be an
adequate amount of moisture but not too much
or mold will form. In the ISS, an Active Thermal
Control System is used to make sure that it does
not become too hot. Humidity is controlled
through the Temperature and Control
Subsystem. This machine can be adopted and
made larger so that a specific temperature and
humidity can be set.

https://letstalkscience.ca/educational-resources/backgrounders/humidity-on-earth-and-on-iss

Radiation
Only about 10% of the Sun’s radiation
reaches the surface of Venus, most is
reflected back into space by dense cloud
cover and the Ionosphere that covers the
planet. The radiation that does reach the
surface of the planet is trapped by gases in
the lower atmosphere, and causes the high
temperatures using the Greenhouse effect.
It is likely that we will be at an altitude of
about 50 km above the surface of the planet,
which is about where cloud appear in the
atmosphere of Venus, so the clouds will
provide a level of protection from the
radiation the Sun when we are in the
Vesuvian Atmosphere.

venus_hfa_sketch.jpg (1195×1200) (nasa.gov)

Temperature
The temperature of the surface of the
planet is 800 degrees Fahrenheit, or 427
degrees Celsius. At altitudes about 50 km
above the planet’s surface, the
temperature becomes 80 degrees
Fahrenheit, or 27 degrees Celsius, which
is about the surface temperature on
Earth. At this altitude level we would be
in about the middle to upper
atmosphere, there is thick cloud cover at
this level.

Design & Habitation

Structures

Travel, Entry, and Docking
The Project Aphrodite recon crew, Aphrodite 1, will arrive on Venus accompanied by two
rockets. One rocket, Thalia, will contain some food and supplies and the crew itself. The
other rocket, Euphrosyne, will contain food, supplies, building materials, repair materials,
etc. Both rockets will be versions of the discovery shuttle, retrofitted for the exploration of
Venus (blueprints in future slides).
Euphrosyne will travel at a faster rate than Thalia as it is a supply ship and the safety of
human passengers is not a concern and will not need significant temperature control as it
contains no passengers. Upon reaching Lower Venutian Orbit (LVO,) Euphrosyne will wait for
the arrival of Thalia.
Following rendezvous, probes would be sent down through the atmosphere prior to
“atmospheric docking” to ensure crew safety. If the probes sense any unanticipated
temperatures, harsh conditions, or any other dangers to human life that had not been
previously considered, both ships would return to Earth using an emergency fuel reserve.
After the confirmation of safety, the ships would descend to around 50 km above the surface
of Venus and unfurl their individual blimps.* Liquid helium, held in both ships in nontemperature-controlled containers (due to liquid helium’s boiling temperature being less
than the temperature of space), would be used to fill the blimps in order to float in the
Venusian atmosphere. During the period between reaching LVO and filling the blimps, the
airships will use Solar Power to power their engines and “manually” remain in the Venusian
atmosphere.
*Important to note that at 50 km above the Venusian surface, the temperatures will exceed the boiling point of Helium, so
the liquid helium will slowly be injected into the blimps following the confirmation of safety but prior to docking. This will
prevent combustion of the liquid helium tanks due to rapid boiling.

This image is similar to the docking process used in the Project Aphrodite Atmospheric
Docking Procedure. It was originally used by NASA’s HAVOC mission.

Blueprints (Crew Ship)
The crew ship will be fitted with a fuel reserve, crew quarters, a storage room for food and extra supplies, a
hydroponic garden, restrooms, a laboratory, a kitchen and recreational facility, solar panels, a blimp with
a helium injection system, retractable wheels, and a minijet used
to navigate from crew ship to supply ship. The minijet will be
powered by the solar energy reserve from the main ship. It will
dock at the underbelly of the crew ship and will have a similar
docking station at the supply ship. The fuel
reserve on the ship will contain enough fuel for
the journey to Venus, to sustain the
ship’s place at 50 km above
Venus’s surface, and an
emergency trip back if
necessary.

Blueprints (Supply Ship)
The supply ship will be fitted with a fuel reserve, storage containing food and building materials among other
necessities, an H2SO4 electrolysis unit for air, water, and fuel solar panels, a blimp with a helium injection system,
retractable wheels, and a minijet docking station. The minijet will be powered by the solar energy
reserve from the supply ship, when docked at the port. It will dock at the underbelly of the crew
ship and will have a similar docking station at the docking station at the supply ship. The fuel
reserve on the ship will contain enough fuel for the journey to
Venus, to sustain the ship’s place at 50 km above Venus’s surface,
and an emergency trip back if necessary. The stored building
materials on the ship will aid in beginning construction on a
permanent colony on Venus.

Blueprints (Full Blimp)
The following is an
image of the blimp
following complete
helium injection at 50
km above the
Venusian surface. The
blimp will sustain life using a solar power energy
reserve stored on the supply and crew ships’
wings and retrofitted onto each of the blimps (not
pictured). An image of a mini plane can also be found on this concept sketch, below the ship. Symbolizing it’s
docking and charging station at the underbelly of the ship.

Food/Water

Aquaponic
Gardening System
We will grow pants with fish to provide
vitamins, nutrients, and protein for crew
members
Fish waste would provide a natural
fertilizer
Water can be manufactured via the
electrolysis of sulfuric acid (present in
clouds)
Sulfur from the acid can also be used as
fertilizer
CO2 to aid plant growth can be found
and filtered from Venus’ atmosphere
*There will also be a small supply of
traditional shelf-stable astronaut food in
case of emergency

In Practice
Both fish and plants have been shown to
survive zero-gravity conditions necessary
for the trip to Venus
Fish have been shown to survive without
gravity in specialized tanks
Plants such as lettuce, cabbage, wheat,
and even types of flowers have been
grown successfully onboard the ISS

This demonstrates the feasibility of
aquaponic systems in the future

Water Harvesting
Current water reclamation systems
onboard the ISS have an efficiency
around 90%
The remaining 10% wasted could be
manufactured: when a molecule of
sulfuric acid (H2SO4) undergoes
electrolysis, a water molecule can be
formed, along with some oxygen for
breathable air
Since sulfuric acid is present in clouds, it
is simple to collect and electrolyse it

Energy

Solar Power
Solar panels can be easily affixed to a
blimp for regular energy needs (lighting,
air filtration, etc.)
Venus is 30% closer to the sun so will get
more energy than usual from solar power
NASA’s design for a venus mission relies
on solar power as a major source of
energy

Wind Power
Winds on Venus can be upwards of 70
km/hr and can be used over wings on the
vehicle for additional lift
Wind can also be used strategically to
transport the blimp to different locations
on the planet for research purposes

Hydrogen Power
We can get hydrogen via the electrolysis
of sulfuric acid so it is a plentiful energy
source
Hydrogen can be used for thrust as liquid
hydrogen is common in rocket fuel
Burning hydrogen releases heat so it
could also be used for heating purposes

Waste

Metabolic Waste

Solid Waste

After water is reclaimed from urine, the remainder
can be used effectively as fertilizer due to its high
concentration of nitrogen, potassium, and
phosphorus, which are essential nutrients for
plants (Pradhan et al.). This will be useful in
maintaining food productivity in our on-ship farm.

Instead of simply being disposed of, solid waste
would be converted into hydrogen (for fuel),
carbon dioxide (for release into the Venetian
atmosphere or use in plant photosynthesis), water
(for drinking and other uses of water), and methane
(for propulsion). This process has already been
developed under NASA for use on the International
Space Station, so we would not need to invent it.

Resource
Extraction

Atmospheric Gases
The abundance of carbon dioxide (CO2) in Venus’s atmosphere makes this a very easyto-collect resource that is basically unlimited. Carbon dioxide is a key reactant in
photosynthesis, during which oxygen (O2) is produced. Also present in the atmosphere
is nitrogen (N2), which can be used as plant fertilizer after being ammonified, and
sulfuric acid (H2SO4) clouds, which we will use as a source of hydrogen to produce
water (H2O) in Venus’s low-hydrogen environment.

Emergencies

Emergency Procedures
In case of blimp failure: the emergency fuel reserve and solar energy reserver will be
used to power the ships and leave Venus.
Supplies such as food and water would be held in reserve, in case the farming and
water production systems malfunctioned.
Sections of the ship would close off in case of a fire, bacterial outbreak, or other
spreadable situation until the issue is contained.
If a member of the ship is a danger to the rest of the crew, it would be up to vote and
would be held as a societal issue.

Society

Society Goals
1. Provide ways to acknowledge and resolve interpersonal conflicts
2. Provide ways to change the colony’s (personal and communal) environments to
remove stressors.
3. Provide a sense of safety and privacy, and vary the sensory styles in different
places
4. Provide ways to contact people (loved ones, psychologist, etc.) on Earth
a.

Using the Internet would be awesome, especially to access/share information and learn new skills

5. Provide ways to process emotions & diagnose and treat psychological disorders
6. Provide ways to distribute workload fairly, and with all tasks are done on time, and
everyone able to manage their workload
7. Provide ways for communities to form
8. Provide communal and personal leisure activities (especially if they are sensory)

Ship Life: Titles
All rules are to be kept in a Ship Lawbook (there must be a digital and physical copy at
all times, available to all members of that Ship). Part One is reserved for any ideals or
principles or facts that are important to the members of the Ship. Part Two contains the
laws. Part Three may be used to record Motions in meetings.
Titles are names that are earned by individuals. They either represent earned skills
(Skill Titles), meeting certain prerequisites (Prerequisite Titles), or are the result of an
election (Elected Titles).
Elected Titles and Prerequisite Titles may give a person Privileges and Duties. If a
person with an Elected Title or Prerequisite Title doesn’t fulfill a Duty, then an election
may be called to decide the consequences.
Skill Titles show that a person has (or doesn’t have) an expertise. All people with the
same Skill Title are in the same Skill Group.

Ship Life: Voting
To make an important decision that will affect the Ship as a whole (including additions
and editing of the Ship Lawbook), a Meeting will be called. During a Meeting, Ship
Citizens may call for Motions for a proposed addition or edit, during which all Ship
Citizens may vote for or against the Motion in secrecy. If more than 50% of the Ship
Citizens vote for the Motion, then the edit or addition will happen.
This system of the Ship Lawbook, three types of Titles, and simple Voting makes a very
flexible government designed for application by small groups. As each Ship will contain
20-50 people later on, such a system should work with minimal organization.

Ship Life: Recommended Titles
●

Ship Citizen
○ Requirements: at least 18 years
old; Ship Citizens vote that they
have lived in the ship for 2 or more
years OR they are part of the original
crew
○ Privileges: may vote for or against
Motions in Meetings

●

Mediator (1 or more)
○ Requirements: Ship Citizens vote
that the person is the best for the
role of Mediator; person accepts the
role of Mediator
○ Duties: must be “on call” for at least
10 hours a day to receive messages
that there is a conflict to be resolved
& to immediately set up a private
meeting between the people in
conflict; host requested conflict
meetings

Ship Life: Recommended Titles (2)
●

Task Manager (1 or more)
○ Requirements: Ship Citizens vote
that the person is best for the role of
Task Manager; person accepts the
role of Task Manager
○ Duties: calls for skill group
meetings over loudspeakers at set
time at least 48 hours before the
start of the week; collects the list of
tasks (including due dates and other
notes) for the week from skill group
meetings; distributes the week’s
tasks among the citizens within 24
hours of the start of the week

●

Keeper of the Lawbook (1 per Lawbook)
○ Requirements: Ship Citizens vote
that the person is best for the role of
Keeper of the Lawbook; person
accepts the role Keeper of the
Lawbook
○ Duties: must edit the Lawbook as
changes are voted on; must record
Motions and vote results to the Ship
Lawbook during Meetings; must
keep the Ship Lawbook safe and
nearby; must provide the Ship
Lawbook upon request to Ship
Citizens or anyone else deemed
trustworthy

Ship Life: Recommended Titles (3)
●

Ship Listener (1 or more)
○ Requirements: Ship Citizens vote
that the person is best for the role of
Ship Listener; person accepts the
role of Ship Listener
○ Duties: must be “on call” for at least
10 hours a day to receive messages
that someone would like to discuss
a concern, worry, or need & to
immediately set up a private
meeting with the person; must host
the meeting and keep a private
Listening Log; must never discuss
the worry, concern, or need in a way
that links the concern with the
person who has the concern; may
bring concerns forward in Meetings

Skill Titles:
●
●

Psychologists (1 or more)
Sociologist (1 or more)

Ship Life: Individual Supplies
●

●

There are spaces that store Individual
Supplies. Each person gets a certain
number of these, may trade them in to
the supply for another individual
supply of the same kind, and may also
trade them with other citizens.
There is a reserve of extra Individual
Supplies–to provide much-needed
variety and comfort

●

1/person: Curtains (to separate living spaces)

●

1-2/person: Pillow

●

●

○

Varies by color and pattern

○

Varies by color, pattern, and texture

○

Varies by color, pattern, and texture

○
○
○
○
○

Physical Books
■ Varies by genre, author, etc.
Toys
Board/card games
Sports equipment (limited for safety)
Fancy clothing (limited for storage space)

○

Varies by type–posters, trinkets, etc.

○

For information, entertainment, task
management, alarm clock, etc.

2/person: Blankets

3/person: Entertainment (interchangeable)

●

1-2/person: Decorations

●

1-2/person: Computing devices and chargers

Ship Life: Recreation Area
●

Some individual supplies can be pulled and
traded in for use in the recreation area
instead.

●

1: Special cooking utensils
○

●
●
●
●
●

Fun mold shapes

2-3: Board and card games
2-3: Blankets
1-2: Pillow
1/month: Package of special ingredients
(flour, nuts, etc.)
1: Special computing device
○

TV, etc.

Sources
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●
●
●
●
●
●
●
●
●
●
●

Marsh, M. S., & Rygalov, V. Y. (2008). Conceptual approach for stress estimates among astronauts and
cosmonauts (No. 2008-01-2109). SAE Technical Paper.
Geuna, S., Brunelli, F., & Perino, M. A. (1995). Stressors, stress and stress consequences during longduration manned space missions: a descriptive model. Acta Astronautica, 36(6), 347-356.
https://ntrs.nasa.gov/api/citations/20150006858/downloads/20150006858.pdf
Atmosphere of Venus - Wikipedia
https://forum.nasaspaceflight.com/index.php?topic=46880.60
https://www.rsc.org/periodic-table/element/2/helium
https://pubs.acs.org/doi/abs/10.1021/jf9029157
https://www.nasa.gov/content/repurposing-space-station-trash-for-power-and-water/
https://letstalkscience.ca/educational-resources/backgrounders/humidity-on-earth-and-on-iss
https://letstalkscience.ca/educational-resources/backgrounders/temperature-on-earth-and-on-iss
In Depth | Venus – NASA Solar System Exploration
Venus and Earth: worlds apart – Transit of Venus blog (esa.int)
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Types of Stressors
● “Space psychological stressors were identified in the following ten general
categories:
○
○
○
○
○
○
○
○
○
○

motivation change,
confinement,
isolation from friends and family,
negative spiritual experiences,
fear of danger,
workload,
sleep disturbances,
time sense disturbances,
interpersonal conflicts, and
psychiatric disorders.”

● Response to stress: either deal with the source of the stress, or with the stress
directly (with medication, counselling, physical exercise, hypnosis, etc.)

Types of Interpersonal Conflict
● “The eight categories of interpersonal conflict included
○
○
○
○
○
○
○
○

conflict with Mission Control,
conflict over professional differences,
personality conflicts,
difficulties with rookies,
difficulties with veterans,
difficulties with rank/status,
aggression, and
cultural differences.

Environmental Stressors
○
○
○
○
○
○
○
○
○
○
○
○
○

Wrong light levels
Light not mimicking natural light
Monotonous colors
Bad color distribution
Different color preferences
Weird shadows
Architecture not mimicking an environment with gravity
Instrument display (colors, flashings, position)
Ugly habitat
Background noise
Noise not being different enough for personal/work areas
Not enough familiar odors
Bad odors (waste removal/personal hygiene)

Environmental Stressors (Part 2)
○
○
○
○
○
○
○
○
○
○

Poor food quality (tasteless/textureless)
Poor food variety
Not enough different textures
Temperature/humidity variation
Vibrations
Sudden acceleration
Sensory deprivation
Difficulty moving around
Poor air ventilation
Needing to assume something other than the neutral body posture for a long time
■ (see image)

